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Corrosion of Materials by Refluxing Mercury at Tam r a return Atove lOOo b 

by 

CouIsod L* Scheuermann 
Charles A* Barrett 
Warren H* Lowdermillc 

Louis hos ;nblum 

The compatibility of versus materials witn mercury war deter-.ir.ad for 
their possible use ir. contemporary space turbo-electric "ower systems. 
Twenty-four materials were selected for testing from the following 
catagories, austenitic stainless steels, martensitic chromium steels, 
cobalt base alloys, nickel base alloys, and refractor. .--tali ana allo.s. 
Test results and materials are ciscusseo Wi.tr, resp^.t com suulu, 
stren th, and envelopment problems esac listed witr. space a. -tarns. 

Corrosion rates were determined for several alloys. These are 
discussed ar.d compared with existing tneorj. 
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INTRODUCTION 


» test program was Utti.t.d at tha NASA La.is toa.srcr, Center t. 
study tha compatibility of materials .1th mercury for their eossU.e 
containment materials ir. spec. turbo-.lactrlc cower systems. The selaoticr. 
of test alloys is -iter., with their compositions and : lability status, 

figure 1. Twenty-four materials were selected. These were -osar. 

... tl . stainless steels, martens. tic chromium steels, 

tha c-*u;orus 

cobalt base alloys, nickel bas. alloys, and refractors ct Is ,.c 
Previous wort on mercery corrosion ban shown that alloys of nickel 

content were especially suoject to mercury corrosion. rherelore, 
criterion for selecting materials for this prngr. m ... *.t th.y has a low 
ciclai content. Morel U» alloys included for oomc.r, son our-oses. 

The reflux oarsule method .as chosen for the testing been,, it was 

relatively inex; er.sive , it was a severe test •*»*<* sh< 

to a rating of metarials, and it was hoped to n. a met, cd .hi-- -cold 

closely simulate the ex, acted conditions in the boiler, i.e. , heavy 
.mutton attach and ce.osit build-up. rne temperatures of the tests were 
chosen to bracket the expected boiler temperatures in tne Sn.p-b system and 
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„.r. 1000° to 1300°F. Tost ti». -no chos.d at totorv.ls up to 5000 Pours. 


PROCSD'o RB 

The mercury corrosion capsules, figure 2. were machmed from bar -stock 
to i-inch C.D. , 1 3A inches long, and 0.040-inch wall tniOa.oss. The 

•. t filled to 1/3 total internal volume, and sealed with 

capsules were cleaned, liliea w 

oloctron boom wol der. Th.y »«ro ho.tod to tomporotur. it bods of 
Udioldusl furnaces. fituros 3 and «- «P»“ c<» ? l.tto„ of tho tosts. tho 

oof sulea .or. plorc.d for draining of tho meroury fro. tho oopsulos. 

distillation. The ca. sules were 


Residual mercury was removed by vacuum 
..cti«..d longth.Uo »dd on. s.ction nooot.d odd o,«iood .ot.Uofrophi^y. 
Depths of ponot ration by tho ...rtur, .or. .oasur.d oith . filar oyoti.o. at 
th. points of deepest ponotrotiod. Capsules of oorti-ular ir.tor.ot -or. 


ax am 


-ined with ar. electron beam microprobe. 


RESULTS AM3 PI SCI SSKK 

,1, the sectioned capsules snowed complete "tinning" by the 

steels at the lower temperatures 


In genarfa. 


me 


rcury. However, the martensitic chromium 
showed only partial "tinning* a 


■ -nd the refractory metals were characterized 


by no "tinning" at the lower temperatures 


and only partial "tinning" at the 
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higher temperatures 


. Those capsules in which a high degree of "t-nning" 


coourred a, to showed a crystalline deposit 


at. th© Dullin'* ir. terf t> b * ‘ 


v.n.d greatly id w«« tfc. v»ryin e test conditio. 

. l x. i c nb s rv© r in - b 1 d ct b d all ov s 

Figure compare, the maximum penetrations o 

. »ii rate rial s were tested for 3 J ^ hours; 

after fOCO hours at temperature. All material 

• ,i mUad testing facilities and time, representative or 

however, cue to limited testing 

. . nrv/s of each material category, except nicxel case “ ilo i s * 

interesting alloys ol eacn 

,. r . for tearing .t longer ti,res. iron, t„U fi -r. 

c.„ be listed in order of depressing corrosion re.ret.no. .. Olio... 

Cb-l,r end t.nt.lun,. Sicronfo «. IV-3'O. end HS-^. "M. 

to be th.t of tb.fr res-.eotic rretorhl oet.gories also. 7. e e'onely tf 
the ct served r. native ter ertture coefficient for D * ' ’ 


r, ess f.- 1 e b 1 


is fet .resent m resolve.; and under invetti: *.tion. 


i . ;,e .r is 


p. . V, t, ; r f the Ifc-e stainless stoels. 

believed to be t^ l.ai cl 

:. a e rate c-t corrosion c n te 


The mechanisms whi -h ma;. determine 


presented as in figure t>. solid state 


c if fusion crdinarii-j wouic not play 


a significant part in the corrosion process 


. This leaves the solution rate 


end the rate of diffusion across t 


he boundary layer as possible rate 
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control ing stop, in the cose .hen, there is only a thin boundary layer 
sepe ratine the liquid stress, from the srlid surface. As shorn, at the 
bottom of the figure, there is also the possibility of liquid diffusion 

being the rate controlling step in some cases. 

When the ear. cunt of corrosion is plotted against time on loo-log 
scales, solution rate controls and bounuary layer diffusion controlled 
processes shoulc be distinguishable from liquid diffusion controlled 
processes, since, ideally, the former should yield line, with slopes of 
1.0, while the latter shoulc yield lines with slopes of 0 . > 

An example of k linear corrosion rate is shown in figure 7- Here we 
see the corrosion of Hastelloy B as maximum penetration in mils plotted 
against time in hours on log-log scales. Fastelloy B contain, aoproxi- 
mately 661 by weight of the highl* mercury-soluble element, nic«cel. .he 
remaining elements, iron and molybdenum, would not be expend to form an 

integral insoluole network because ol 
The absence of such a network would pemit ready access of the mercury 
.tram, to the reeding solid nickel surface, giving » , elution controlled, 


their high solubilities in nickel. 


or 


boundary layer controlled, corrosion rate. 



% hen the highly mercury-soluble element is net tr.e major constituent 
of the alloy, or wr.en the insoluble elements can fonr, a residual network, 
permitting the lomaticn of quiescent liquid channels between the solld- 
llquid reaction i'roat and the mercury stream, diffusion tnreugh the 
quiescent liquid car. be the controling rate. Figure t shews the corrosion 
of Sicromo 9W in both mils of penetration and weight loss in mg/cm^ plotted 
against time. The weight loss figures were calculated from the penetration 
dete and electron team mioroprote analysis d ta. At lOuG r u ; « to -000 
hours and 110C°F up to 2000 hours, the rate is linear. .’eta.lc ja hie 
results in this rar.-~e shewed relatively shallow and dire t renetra tier, s as 
indicated in t he phetomi- rograph to the upper left. Iron * 0-0 tc r . 00 
hours at 1100°? and at 1200 C F diffusion is the control r. - r-t-. '> re 

rr.etb llographic results showed a long, or tortuous, rath for trie penetrations 
as shown at tne lower left w.nieh could rive a quiescent li : ..i .ayer. 

If the insoluble network reaci.es a critical tni c^i.eos a h. , tr.e 
internal stresses created by tne unauge in v.lume cue - t;.e jnrrceiwe 
attaok reaches t;.-- critical snear stress for this network, cracks will be 
initiated in tr.e network. These cracks conceivably could give the wre.ry 
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it ream ready accesa to local region, of s 


olid base metal. If this happens. 


t qhange from parabolio to linear 


behavior could be exaected. ?eversion to 


parabolic behavior, however, would not be expec 


ted because the oracles would 


have already b«en initiated and she. 


uld continue to grow as the corrosion 


continues. Spallinr of this corros 


.on orouuct layer. or network, would be 




This seams 


to tee a plausiole explanation of wr.at u 


rve d Hitr* t.; . a 


.lUys > s, '°’ s suoh or *° 


kin^; tuid s^bllin^ ol 


corrosion lfay« 


r in an KS-25 r ja ;sule w ch had oaan 


o 


tatted fat i ' 1 I0r * 


for H-1'7. Phe ca .sules 


5000 hours* 

F ., )r , •, is the weight less - time curves 

lid not show cracking of the corrosion 


at 1100 °? up three.-:. ajC 0 hours d 

cks apoearod, so the transition to Unear 

.rs. All capsules at U0U c F and 1; • 0°r , 

, snowed cracking of this layer; tnerefere. 


layer. At = .'0C hours the era: 


behavior is likely near KuuG ho 


qxcept tnose run lor 3 00 hours, 
the transitions may be exacted near the points 

c . i _ data are presented in figure 11. At 13^0 * 

The HS-25 weignt loss data are p 

. „ At U00°F only the J00- 

, u a . a "r+n^iiLif of the corrosion layer, "t 
oapeules showed cracking 01 
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i • tu ** 7nn- and 1000-hour cecsules at 

hour capsules showed no cracking. The 300- and ivuu nou 

n00°t did net show cracking, wnila those at longer times aid. 


COKCLUSI.'NS 


listed in order of decreasing 


In conclusion, materials can be 

corrosion resist-re. .. «»!«.. refr, tory •’* -»*>•• n * r "*”* Ui ° 

.inless steels, cobalt base alleys, ar.d 


enronuum 


steels, bus te n i t i c st^i 


finally nickel lase alloys. 

The r.w8 cf corro&i-n of a material in mercury 

formation cf an integral, 


can ce ex : cctac to be 


no 


* linear function cf tur.e, provided there is 
relatively insoluble, network as a result of the corrosion access -ich 
.i,« permit the maintenance of . quiescent liquid ley.- If sue. . Uy.r 
formed, the corrosion rale -ould become farab l-o. H 


*ere 


*ere brittle and era were initiated in it, the cerros.-r. r -e 


again become i.r.eur; h waver, a rivers 


i.n tack tc .srt.bf.lic : it. >v . r wui 


n ot be ex ected 
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